Objectives: The objective of our report was to present the results of two-year follow-up of endovascular treatment of central venous occlusive disease in haemodialysis patients. Material and methods: Eighty-one consecutive patients with central venous occlusive disease, were included into the study group. There were 81 lesions treated (42 stenosis and 39 occlusions). Percutaneous transluminal angioplasty (PTA) or percutaneous transluminal angioplasty with stenting (PTS) was committed. There was no randomisation. Stent implantation was avoided in vessels with a foreign body inside (catheter or electrode). Diagnostic phlebographies were performed after 12 and 24 months or if symptoms recurred. The follow-up period lasted for 24 months. There were 26 (70%) patients with primary stenosis and 11 (29%) with occlusion in the group with PTA therapy and 13 (38%) and 21 (61%) in the group with PTS therapy. Procedure was successful in all cases of stenosis, unsuccessful in 10 cases of occlusions. Seventeen patients died during first year of observation, 9 during the second. Two patients were lost to follow up. No serious adverse events were observed. Results: Primary patency (PP) after 12 and 24 months was 50% and 26% after PTS, 33% and 21% after PTA respectively. Primary assisted patency (PAP) was 70% and 52% in PTS group while 86% and 92% in PTA group. Secondary patency (SP) 70% and 52% after PTS to 93% and 92% after PTA. Conclusions: Both methods are safe and mildly effective in the treatment of central veins in haemodialysis patients. Both techniques should be applicable in specific clinical settings according to patient status and operator experience.
IntroductIon
Central venous occlusive disease (CVOD) is a common and growing problem in the long-term management of vascular access patency in patients undergoing haemodialysis. Additionally, the number of dialysis patients is also increasing, and up to 50% of them will experience CVOD after haemodialysis catheter use [1] . However, more than half of them may experience symptomatic resolution after removal of the dialysis catheter, obviating the need for invasive treatment [2] . Following catheter removal, 28% of all patients have radiological evidence of central vein stenosis (CVS) persisting beyond three months [3] . In symptomatically refractory cases, intervention is required. Percutaneous transluminal angioplasty (PTA), occasionally accompanied by stenting (PTS), is accepted as the initial intervention for patients with CVOD [4] .
The objective of our report was to evaluate the results of endovascular CVOD treatment in patients with haemodialysis shunts.
MaterIal and Methods
Eighty-one consecutive patients with CVOD referred for treatment in our tertiary interventional centre were included into the study group. The inclusion criteria were: 1) clinically significant shunt dysfunction and/or 2) limb oedema. Lesions were characterised at baseline by the type (stenosis versus occlusion), location, segmental length, and diameter of stenosis (where applicable). Patients were treated with PTA or PTS whenever essential. There was no randomisation, and the decision for stent implantation (i.e. PTS) was based on two criteria: 1) residual, post-angioplasty stenosis ≥ 60% and/or 2) persistent collaterals. The follow-up period lasted for 24 months. The results of follow-up phlebography performed at 12 and 24 months after endovascular treatment were categorised as: stenosis < 50%, stenosis > 50%, or occlusion. The results were then compared according to the method of treatment: PTA versus PTS. The outcomes were: primary, primary assisted, and secondary patency rates, respectively. The primary patency (PP) was defined as the vessel patency without any re-intervention, secondary patency (SP) as the vessel patency achieved with additional intervention or multiple interventions due to vessel occlusion, while primary assisted patency (PAP) was defined as patency achieved with additional intervention or multiple interventions due to vessel restenosis [5] . The data were analysed retrospectively.
SPSS package (SPSS Inc. Released 2009. PASW Statistics for Windows, Version 18.0. Chicago: SPSS Inc.) was used to evaluate variables in descriptive statistics and Fisher's exact test. Data were also analysed in respective contingency tables. Barnard's exact test was also used to assess statistical differences using R exact package (Calhoun P [2015] . Unconditional Exact Test. R package version 1.6).
results
A total of 81 haemodialysis patients (47 males and 34 females; mean age: 64.5 ±13.0 years) with stenotic or occlusive lesions were treated in our study (Table 1) . There were 81 lesions treated (42 stenosis and 39 occlusions). There were 26 (70%) patients with primary stenosis and 11 (29%) with occlusion in the group with PTA therapy and 13 (38%) with stenosis and 21 (61%) in the group with PTS therapy. The procedure was successful in all cases of stenosis but unsuccessful in 10 cases in occlusion group. Those 10 casews were excluded from further follow up. Seventeen patients died (cause not related to procedure) during the first year of observation, and nine during the second year. Two patients were lost to follow-up. No serious adverse events were observed.
The mean initial lesion stenosis was 86.5% (range: 60-95%) with segmental lesion length of 25.3 mm in the PTA group, and 82% (range: 65-95%) with 28.3 mm-lesion lenght in the PTS group, respectively. No significant differences regarding the location of lesions in the patients' body side were found between the two groups.
The results of diagnostic phlebographies are shown in Table 2 .
The differences in the number of occluded vessels on the left and right sides of the body were also observed. Venous occlusions appeared to be more frequent on the right side of the body at 12 months (Table 3 cant stent shortening immediately, or several weeks or months after the insertion, were seen. During the first 12 months of follow-up, a total of 35 re-interventions were performed, and in the period between 12 and 24 months there were 17 (Table 4) .
The results of patency rates at both 12 and 24 months demonstrated a higher PP rate in the PTS group (50% and 26%) than in the PTA group (33% to 21%). Primary assisted patency (PAP) rates presented a prevalence in the PTA group of 86% and 92% to 70% and 52%, in the PTS group. Secondary patency also showed higher rates in the PTA group 93% and 92% to 70% and 52% in PTS group (Table 5) .
dIscussIon
Endovascular treatment is currently the mainstay of care in patients with CVOD. The treatment options include PTA, PTS, and placement of covered stents. Before the development of endovascular techniques, open surgical treatment was the only management strategy. Although surgical treatment of CVS is effective (PP rate of 80-85% at 1 year) [6] , it has significant limitations due to high surgical morbidity (especially among patients with stenosis in the thoracic region) and overall poor general condition of haemodialysis patients [7] . On the contrary, the endovascular technique is a less invasive [14] at six months and from 19% [13] to 21% [10] at 12 months. Our study presents data that are consistent with numerous previous reports on the subject, thus demonstrating the safety and efficacy of endovascular techniques in CVOD [10, 15] .
Percutaneous transluminal angioplasty technique was used in more difficult and more demanding cases (mainly venous occlusions) and mostly when a satisfactory result was not achieved with PTA alone, rarely as a first choice treatment. In our study there was no randomisation or matched control group. Thus it is not possible (nor was it our intention) to compare directly those methods.
conclusIons
Our 24-month observation indicates that both PTA and PTS are safe methods of treatment for central vein stenosis and occlusions. Both provide moderately good results in relation to vessel patency, as well as with multiple additional interventions. Especially high rates of restenosis and re-occlusions during first year of observation lead to the conclusion that patients after treatment should be controlled more frequent in that period (phlebography, for example, at 3, 6, and 12 months after the procedure).
